An increasing number of clinical isolations of rapidly growing mycobacteria (RGM) at the National Taiwan University Hospital were noted from 1992 to 2001. Broth microdilution MICs of 15 antimicrobial agents were determined for 200 clinical isolates of RGM, including the Mycobacterium fortuitum group (69 isolates), M. chelonae (39 isolates), and M. abscessus (92 isolates). Our results showed that the resistance rates of these isolates to the currently available agents were remarkably high. Amikacin was active against nearly all RGM isolates. Clarithromycin was usually active against M. abscessus (79% susceptibility) and the M. fortuitum group (65% susceptibility). The majority of M. fortuitum group isolates were susceptible to ciprofloxacin (62%) and imipenem (61%). The susceptibilities to other conventional anti-RGM agents of these isolates were poor but differed markedly by species. The newer fluoroquinolones (levofloxacin, moxifloxacin, and gatifloxacin) and meropenem showed better in vitro activities against the M. fortuitum group isolates than against the other two species of RGM. Linezolid had fairly good activity against these RGM isolates, particularly against M. chelonae isolates (82% susceptible). Telithromycin had poor activity against these RGM isolates (the MICs at which 50% of the isolates tested are inhibited [MIC 50 s] were 32 to 64 g/ml, and the MIC 90 s were >64 g/ml). (1, 10, 11, 14, 15, 21, 29) . These organisms cause a variety of disseminated or localized diseases, particularly pulmonary infections as well as primary skin and soft tissue infections (1, 7, 21, 22) . Pseudo-outbreaks of infection due to these organisms caused by contaminated medical equipment have been reported (30, 31). These organisms are resistant to the conventional antituberculous agents, and their susceptibilities to other antimycobacterial agents varied with different members of this group of mycobacteria (4-6, 17, 18, 22-25, 27, 32). Some investigators have reported that in vitro susceptibilities to several of these agents correlated with clinical response to therapy (18, 20) . Furthermore, some recent in vitro susceptibility studies have demonstrated activity of newly developed antimicrobials (linezolid, telithromycin, tigecycline, and newer fluoroquinolones) against these organisms (3, 8, 26, 28, 32) .
Rapidly growing mycobacteria (RGM) are ubiquitous in nature (1, 10) . The Mycobacterium fortuitum group (M. fortuitum, M. perigrinum, M. fortuitum third biovariant complex [sorbitolnegative and -positive], M. porcinium, and M. mageritense), Mycobacterium chelonae, and Mycobacterium abscessus are the species of RGM most often associated with human diseases (1, 10, 11, 14, 15, 21, 29) . These organisms cause a variety of disseminated or localized diseases, particularly pulmonary infections as well as primary skin and soft tissue infections (1, 7, 21, 22) . Pseudo-outbreaks of infection due to these organisms caused by contaminated medical equipment have been reported (30, 31) . These organisms are resistant to the conventional antituberculous agents, and their susceptibilities to other antimycobacterial agents varied with different members of this group of mycobacteria (4-6, 17, 18, 22-25, 27, 32) . Some investigators have reported that in vitro susceptibilities to several of these agents correlated with clinical response to therapy (18, 20) . Furthermore, some recent in vitro susceptibility studies have demonstrated activity of newly developed antimicrobials (linezolid, telithromycin, tigecycline, and newer fluoroquinolones) against these organisms (3, 8, 26, 28, 32) .
With the increasing clinical importance of RGM responsible for clinical infections at the National Taiwan University Hospital (NTUH) and with an effort to identify potentially useful agents to treat these infections (9, 14, 30) , we investigated the in vitro susceptibilities of recent RGM isolates to 15 antimicrobial agents, including those developed recently.
MATERIALS AND METHODS

Bacterial isolates.
From January 1997 to June 2002, a total of 200 nonduplicate isolates (only one isolate per patient) of RGM, including 69 isolates of the M. fortuitum group, 92 of M. abscessus, and 39 of M. chelonae, that were recovered from various clinical samples were collected for the study (Table 1) . These organisms were stored in Mueller-Hinton broth (BBL Microbiology Systems, Cockeysville, Md.) containing 15% glycerol at Ϫ70°C. Prior to testing, the isolates were subcultured, checked for purity, and reidentified to the species level by conventional growth and biochemical tests, including morphology of microcolonies, nitrate reduction, arylsulfatase reactions (3 days), and tolerance to 5% NaCl (10) .
Antimicrobial susceptibility testing. The following antimicrobial agents were provided by their manufacturers for use in this study: trimethoprim-sulfamethoxazole, doxycycline, and tobramycin (Sigma Chemical Co., St. Louis, Mo.), amikacin and gatifloxacin (Bristol-Meyer Squibb, Princeton, N.J.), cefoxitin and imipenem (Merck Sharp & Dohme, Rahway, N.J.), meropenem (Sumitomo Pharmaceuticals, Osaka, Japan), ciprofloxacin and moxifloxacin (Farbenfabriken Bayer GmbH, Leverkrusen, Germany), levofloxacin (Daiichi Pharmaceuticals, Tokyo, Japan), clarithromycin (Abbott Laboratories Pharmaceutical Products Division, North Chicago, Ill.), azithromycin (Pfizer Inc., New York, N.Y.), telithromycin (Aventis Pharma, Romainville, France), and linezolid (Pharmacia, Kalamazoo, Mich.).
MICs of these agents for the 200 RGM isolates were determined by the broth microdilution method and interpreted according to the tentative guidelines established by the National Committee for Clinical Laboratory Standards (NCCLS) (12) . The isolates were grown on Trypticase soy agar plates supplemented with 5% sheep blood (BBL Microbiology Systems) at 30°C in ambient air for 72 h. Bacterial suspensions were prepared by sweeping the confluent portion of growth on the agar plate and adjusted to a final inoculum (5 ϫ 10 5 CFU/ml) in cation-supplemented Mueller-Hinton broth (Difco, Detroit, Mich.) with 0.02% Tween 80 (Difco).
The medium used was cation-supplemented Mueller-Hinton broth without Tween 80. The final organism concentration was 1 ϫ 10 4 to 5 ϫ 10 4 CFU per well. Serial double dilutions of antimicrobial agents were prepared, and their concentrations in the wells followed the NCCLS recommendation (12) . The concentrations tested for agents whose test concentrations were not provided by the NCCLS (i.e., azithromycin, levofloxacin, moxifloxacin, gatifloxacin, telithromycin, linezolid, and meropenem) ranged from 0.03 to 64 g/ml (12) . The inoculated trays were incubated at 30°C in ambient air and read after 72 h (12, 32) .
The MIC was defined as the lowest concentration of the drug that inhibited visible growth. Otherwise, for trimethoprim-sulfamethoxazole, the endpoint was the well with approximately 80% inhibition of growth compared to the control well. Staphylococcus aureus ATCC 29213 and M. peregrinum ATCC 700686 were included as control strains (12) .
Susceptibility categories of antimicrobial agents tested for these RGM isolates, except for telithromycin, were determined according to the breakpoints recommended by the NCCLS (M24-T2 and M100-S12) and those proposed by Wallace et al. (1, 12, 13, 26) .
Sequencing of the 16S rRNA gene. Parts (100 isolates) of these isolates were further confirmed by sequencing of their 16S rRNA gene (1,464 bp) (19) . These isolates included 30 isolates of M. fortuitum group, 40 isolates of M. abscessus (including isolates for which the tobramycin MICs were 1 to 4 g/ml and/or the cefoxitin MICs were Ͼ64 g/ml), and 30 isolates of M. chelonae (including isolates for which the tobramycin MICs were 8 to 16 g/ml and/or the cefoxitin MICs were 16 to 32 g/ml). PCR amplifications of the nearly complete 16S rRNA gene were performed, and two primers (primers 8FPL and 1492) were used according to the previous description (19) .
RESULTS
Isolation of RGM.
The number of clinical specimens sent for mycobacterial cultures at the NTUH was 6,447 in 1996 and increased to 18,433 in 2001. The rate of positive cultures for mycobacteria was 6.0% in 1996 and around 8 to 9% in 1999-2001. The number of isolates of the three RGM species increased during the past 10 years: a fourfold increase occurred from the period 1992-1996 (41 isolates) to the year 2001 (165 isolates) at the NTUH. The proportion of RGM isolations of all nontuberculous mycobacteria (NTM) also increased from 13.9% in 1992-1996 to 22.8% in 2000 and to 34.5% in 2001 (Fig. 1) . The majority (about 60%) of these RGM isolates tested were from respiratory specimens as colonizers or as the causes respiratory infections, while the rest were associated with skin, soft-tissue, and disseminated infection (data not shown).
The 16S rRNA gene analysis. Species identification for the 100 RGM isolates by the 16S rRNA gene analysis was identical to that determined by the conventional methods.
Antimicrobial susceptibility testing results. Table 2 shows the MIC ranges, the MIC at which 50% of the isolates tested are inhibited (MIC 50 ), MIC 90 , and the categories of susceptibility of 15 antimicrobial agents against the 200 isolates of RGM. Nearly all of the M. fortuitum group, M. chelonae, and M. abscessus isolates were susceptible to amikacin. Amikacin also had better in vitro activity against the M. fortuitum group than tobramycin. Nonetheless, amikacin and tobramycin had similar in vitro activity against M. chelonae and M. abscessus.
Nearly all M. chelonae and M. abscessus isolates were resistant to trimethoprim-sulfamethoxazole. More than 60% of M. fortuitum group isolates were susceptible to ciprofloxacin, clarithromycin, and imipenem, and about four-fifths of the M. abscessus isolates were susceptible to clarithromycin. Activities of cefoxitin, doxycycline, and tobramycin against the three RGM isolates were poor.
The newer fluoroquinolones (levofloxacin, moxifloxacin, and gatifloxacin) showed slightly better in vitro activities against M. fortuitum group isolates than against the other two species of RGM. Meropenem had two-to fourfold less activity against these RGM isolates than imipenem. Azithromycin was two-to fourfold less active than clarithromycin against the three RGM species. The in vitro activities of telithromycin against these RGM isolates were very poor (MIC 50 s, 32 to 64 g/ml; MIC 90 s, Ͼ64 g/ml). Telithromycin at a concentration of 1 g/ml inhibited the M. fortuitum group (4%), M. chelonae (4%), and M. abscessus (15%).
Utilizing the linezolid breakpoints suggested by Wallace et al. (26) , 68% of M. fortuitum group and 82% of M. chelonae isolates were within the susceptible ranges (MICs, Յ8 g/ml), and more than 50% of isolates of M. abscessus were within susceptible or intermediate (moderately susceptible) (MICs, Յ16 g/ml) range.
DISCUSSION
Many previous studies showed that the susceptibility of RGM varied widely with different species of this group, with isolates from different geographical areas, and with time (4-6, 17, 18, 22-25, 32) . Members of the RGM also exhibit their own susceptibility profiles to conventional antimycobacterial agents (17, 21) .
In the present study, in addition to the emerging nature of diseases caused by RGM and the increasing number of clinical isolations of RGM at the NTUH, our results clearly demonstrated that the resistance rates of these isolates to conventional and currently available anti-RGM agents were remarkably high. Amikacin was active against nearly all RGM isolates. Clarithromycin was usually active against the majority of the M. fortuitum group and M. abscessus. Similarly, ciprofloxacin and imipenem exhibited good activity (Ͼ60% susceptibility) against the M. fortuitum group only. The susceptibilities of RGM isolates to other agents were poor but differed markedly by species. Accordingly, for empirical therapy of infections caused by RGM (when the species was not identified and susceptibility results were not available) at our hospital, multidrug regimens containing amikacin were usually recommended. Our data showed a poor activity of telithromycin against the M. fortuitum group and M. abscessus (MIC 90 s for the two species were both Ͼ64 g/ml), a finding also previously re- (3) . The newer fluoroquinolones tested in this study had activity only slightly superior to that of ciprofloxacin and only against the M. fortuitum group isolates. Moreover, meropenem had poorer potency against these RGM than imipenem. Accordingly, the role of the newly developed agents, such as telithromycin, meropenem, and newer fluoroquinolones, in the treatment of diseases due to RGM was limited.
Clinical isolates of RGM are identified to species and subgroup levels by using standard methods, antimicrobial susceptibility patterns, high-performance liquid chromatography, PCR restriction enzyme analysis of the 65-kDa hsp gene, and 16S rRNA gene (Ͼ1,400 bp) sequencing (1, 3, 10, 16, 29) . There are numerous studies which show that susceptibility or resistance of RGM to a drug correlates with the species or taxon to which the organisms belong (1, 5, 18, 23) . Previous studies showed that for all isolates of M. chelonae, cefoxitin MICs are Ͼ128 g/ml, and for more than 90%, tobramycin MICs are Յ4 g/ml (18, 23) . For isolates of M. abscessus, cefoxitin MICs are 16 to 64 g/ml and tobramycin MICs are Ն8 g/ml (18, 23) . Interestingly, in the present study, cefoxitin MICs were Յ64 g/ml for 27 (68%) of the 39 isolates of M. chelonae, and tobramycin MICs were Ն8 g/ml for 27 (69%) of the M. chelonae isolates. Isolates of M. abscessus for which tobramycin MICs were Յ4 g/ml accounted for 27%. In this study, isolates of these two species were clearly identified by using conventional methods as well as 16S rRNA sequencing. Obviously, some of our data conflict with what is conventionally accepted (1, 5, 18, 23) . This may indicate that resistance patterns among RGM isolates vary geographically.
In conclusion, the presence of high variations in susceptibility by and within species of RGM to the conventional and currently available anti-RGM antimicrobials confirms the need for accurate identification of these isolates to the species level. Moreover, susceptibility of any isolate to antimicrobial agents should be tested individually. This is particularly true for clinically important isolates. Our results can offer clinicians choices for empirical treatment when RGM infection is suspected and the in vitro susceptibility is not available.
